Exertional heat stroke (EHS) is a major concern in military trainees performing intense physical exercise, with substantial morbidity rates. Prehospital diagnosis of EHS is essentially clinical. Thus, soldiers, command personnel, and medical staff are taught to recognize this injury and immediately begin aggressive treatment to prevent further deterioration. Patients and Methods: During 2007, 5 otherwise healthy Israeli Defense Forces (IDF) soldiers were diagnosed with EHS while performing strenuous exercise. They were treated vigorously according to the IDF EHS-treatment protocol and were referred to the emergency department. Results: On arrival at the emergency department, physical examination including rectal temperature was unremarkable in all soldiers. Blood and urine workup showed near-normal values. No other medical conditions that could have explained the clinical presentation were found. All soldiers were discharged shortly afterward, with no further consequences. A heattolerance test was performed several weeks after the event and was interpreted as normal. All soldiers returned to active service. Conclusion: Because the initial clinical findings were very suggestive of EHS and because no other condition could have explained the prehospital transient hyperthermia, we suggest that these soldiers were correctly diagnosed with EHS, and we propose that rapid vigorous cooling prevented further deterioration and complications. We suggest calling this condition aborted heat stroke.
Diagnosis of exertional heat stroke (EHS) in the prehospital setting is clinically based. Although there is no universal definition for this illness, the accepted criteria are an elevated core body temperature (above 40° C/104° F) with central nervous system dysfunction such as delirium, convulsions, or coma. 1 As opposed to the classic form of heat stroke, which tends to affect older adults, alcoholics, and compromised patients in a warm environment, 2 EHS typically presents in young and healthy individuals such as military recruits participating in sports events or performing physical exercise. 3 Warm environmental conditions (temperature greater than 22° C/72° F and relative humidity greater than 25% affect the discomfort sensation), dehydration, fatigue, intercurrent illnesses, and previous EHS events are considered risk factors for EHS. 3 Core body temperature elevation above the physiological threshold is the mainstay of EHS pathophysiology. It affects enzymatic activity, disrupting metabolic mechanisms, changing acid-base balance, increasing intracellular transcription rates of heat-shock proteins such as HSP-70, and facilitating the expression of cytokines such as IL-1 and TNF-α, 3 resembling the inflammatory cascade in sepsis. 4 Clinical manifestations include encephalopathy, renal failure, respiratory distress, myocardial depression, intestinal ischemia, hepatopancreatic injury, and eventually death. 3 Laboratory abnormalities include rhabdomyolysis, metabolic acidosis, elevated liver enzymes, impaired renal function, and disseminated intravascular coagulation, which can be detected even as late as 48 hours after the injury. 3 In the military setting, EHS has substantial morbidity rates. A recent report demonstrated an 8-fold increase in EHS hospitalizations rates in the last 2 decades in the U.S. Army (from 1.8 to 14.5 per 100,000 population) because of both improved diagnosis and reporting. However, the mortality rate remained relatively low (0.3 per 100,000 soldier years 5 ).
EHS is a common environmental injury among Israel Defense Forces (IDF) soldiers and is becoming more frequent because of global warming and the inevitable need to train in warm climate areas. In 2007, there were 42 heat-related casualties in the IDF; 24 of them were diagnosed with EHS. Although most of the cases in the IDF in recent years were mild, there are still fatalities 6, 7 (Figure 1 ).
EHS prevention in the IDF focuses on educating soldiers, command personnel, and medical staff; medical triage before exercising; strict limitations on physical exercise according to weather conditions; adequate hydration; and frequent pauses during exercise (ie, 15-min break every 45 min of training). The treatment protocol includes undressing, rapid vigorous external body cooling by pouring large amounts of cool water (temperature 22° C/72° F, 40-80 L, for 5 min) over the body within several minutes after the diagnosis, and quick evacuation to the nearest emergency department (ED). 8 In the experience of the Israeli Medical Corps, this has proved to be the most beneficial treatment for reducing EHS-related morbidity and mortality. It is notable that any case of exercise-induced hyperthermia in the IDF is regarded and treated as EHS, even if it does not meet all the criteria.
In this report, we describe 5 soldiers who were diagnosed with an evident EHS in the prehospital setting. They were treated vigorously according to the IDF protocol and presented with nearly unremarkable clinical findings at the referral ED shortly thereafter.
Patients and Methods
During 2007, 24 IDF soldiers were diagnosed with EHS. All of these soldiers were otherwise healthy and were diagnosed with EHS while performing strenuous physical activities. Nineteen soldiers presented with clinical and, later on, laboratory abnormalities and complications consistent with EHS. However, the other 5 soldiers recovered in a remarkably short time, with no further consequences. All these 5 soldiers were firmly treated in the field according to the IDF protocol. On arrival at the ED, a thorough physical examination and blood workup were performed.
Environmental conditions during the exercises were monitored with a weather meter (Kestrel 2000, Nielsen Kellerman, Boothwyn, PA), using the Discomfort Index (DI), which calculates the wet-bulb temperature and the ambient temperature. 8 A heat-tolerance test (HTT), a challenging physiological test that evaluates the EHS victim's thermoregulation abilities, was performed 6 weeks after the inciting event. 9 According to the protocol, patients are off from any physical activity for 6 weeks after EHS diagnosis until the HTT has been performed.
Case Presentations Case 1
A 21-year-old male soldier, otherwise healthy, participated in an accelerated march carried out at a 6-km/h rate during basic training. Consecutive DI measurements during the march were within normal limits. In the ninth kilometer, the soldier suddenly collapsed. Initial rectal temperature was 39.6° C (103° F) . He was diagnosed with EHS, unclothed, had large amounts of water poured over his body, and was rushed to a nearby ED. Remeasured rectal body temperature nearly 1 hour later was normal (37.1° C/99° F). Blood workup revealed mild leukocytosis (15,000), which returned to normal values within 24 hours, and mildly elevated serum CPK (700 U/L). All other parameters were within normal ranges ( Table 1) . The patient was discharged on the following day, and an HTT performed 6 weeks later was normal.
Case 2
A 24-year-old male, well-trained officer in a special operations unit, otherwise healthy, participated in a series of strenuous physical fitness exercises. All DI measurements were within normal values. During one of the exercises, he felt dizzy and appeared disoriented. Initial rectal temperature was 39.8° C/104° F, and he was treated by pouring large amounts of water on him after unclothing him because of an EHS diagnosis. The officer regained full consciousness in a few minutes and was transferred to a nearby ED. Neurological examination, temperature, and blood workup were within normal limits, and he was discharged a few hours later (Table 1 ). An HTT performed 6 weeks later was normal, and the officer returned to active service.
Case 3
A 19-year-old male soldier, otherwise healthy, participated in a strenuous fitness exercise during a field commanders' course. DI measurements during the exercise showed mild to moderate heat-burden conditions. After completing training, he felt dizzy, looked confused, and sought medical attention. Initial rectal temperature was 40.2° C/105° F . Thus, he was treated by pouring large amounts of water on him and rushed to a nearby ED. On arrival, his rectal temperature was 37.8° C/100° F. Blood workup showed a mild renal failure, which was treated with intravenous fluids and completely resolved 24 hours later. Other laboratory tests were normal (Table 1 ). An HTT performed 6 weeks later was normal, and he returned to active service. 
Table 1 (continued)
A 20-year-old male soldier, otherwise healthy, participated in a strenuous physical exercise. DI measurements several hours before the exercise were consistent with extreme heat burden; however, during the exercise DI measurements were within normal limits. Just before completing the training, he complained of shortness of breath and shortly later appeared disoriented. Initial rectal temperature was 39.6° C/103° F . After EHS diagnosis, he was treated by undressing him, pouring large amounts of water over him, and intravenous fluids because of suspected additional dehydration and rushed to a nearby ED. On arrival at the ED, he regained full consciousness. Remeasured rectal temperature and complete blood workup were normal (Table 1) . He was discharged later that day. An HTT performed 6 weeks later was normal, and he returned to active service-a few months later because of technical difficulties, but he was fit for service earlier.
Case 5
A 20-year-old male soldier, otherwise healthy, participated in an intense combat exercise in an officer cadets' course. DI measurements were consistent with heavy heat burden. It is notable that because of unexpected hot weather conditions and the inevitable need to train IDF soldiers in hot weather conditions, occasionally exercises are not discontinued automatically but are being carried out with permission after balancing advantages and disadvantages. During the exercise, this soldier could not catch up with his group and then did not respond to verbal stimuli. Initial rectal temperature was 41.8° C/107° F. His fellow cadets suspected EHS, treated him by unclothing him and pouring large amounts of water on him, and then evacuated him to the nearby ED. On arrival, rectal temperature was 36.6° C/98° F, and his blood workup was normal (Table 1 ). An HTT performed 6 weeks later was normal, and he returned to active service.
Discussion
Diagnosing EHS before taking the patient to the hospital is essentially clinical, based on history taking and physical examination. Treatment includes rapid vigorous body cooling, achieved by pouring large amounts of water over the patient's body, and quick evacuation to the nearest ED for advanced treatment, laboratory tests, and follow-up. An HTT has been used according to the IDF protocol for the last 30 years to determine whether the EHS victim will be able to participate in future strenuous activities. Its clinical application was validated recently. 9, 10 In this protocol, the time interval between EHS diagnosis and HTT performance is 6 weeks. In the meanwhile, patients are off from any strenuous physical activity.
In each of the presented cases, the clinical presentation was suggestive of EHS and was properly addressed according to the IDF treatment protocol. Shortly later, the clinical presentation became mild and even vague, but no other explanations for this hyperthermia-associated mental alternation could be found, such as an infectious disease, thyroid storm, or drugs. Evacuation time to the ED was relatively short (mean 72 min, range 45-150), yet the clinical presentation dramatically changed by the time the patients arrived at the ED.
In 3 patients, physical examination and blood workup were normal and they were discharged from the ED within a few hours after their admission. In our opinion, their discharge was too early, because complications might have developed as late as 48 hours after the event. However, follow-up was unremarkable and these soldiers returned to active service after a normal HTT. In the 2 other patients, physical examination was unremarkable, but their blood workup was suggestive of mild EHS complications; hence, they were hospitalized for monitoring and supportive treatment. Repeated blood examinations, performed 24 to 48 hours after the inciting event, returned to normal. An HTT performed 6 weeks later was normal, so these 2 patients returned to active service.
According to the suggested EHS inflammatory model, rapid initiation of body cooling is essential because of the relatively short time range required for the release of cytokines involved in EHS pathogenesis, such as IL-1, IL-2, IL-6, TNF-α, and IFN-γ. 3 Thus, we suggest that the rapid diagnosis of EHS, followed by vigorous treatment, may have halted or slowed its progression, changed the clinical presentation, and potentially prevented further complications. However, a more detailed study is warranted to validate this assumption.
To date, the mainstay therapy of EHS focuses on rapid external body cooling. 11, 12 Other experimental therapies target the inflammatory cascade involved in EHS pathogenesis. Suggested new therapies include IL-1 receptor antagonists, 13 free-radical scavengers, 14 hypertonic albumin, 15 omega-3 fatty acids 16 and cyclooxygenase inhibitors. 17 They are not yet in use in clinical practice, because the studies were mostly done in experimental animal models and the therapies were not rigorously tested in controlled or human trials. Therefore, these therapies may have a role in improving the prognosis of EHS, in addition to cooling, which must be done to limit further sequelae.
Conclusion
The expected natural timeline of EHS consists of a rapid temperature rise during strenuous exercise, followed by various clinical presentations ranging from dizziness to sudden death, and typical laboratory abnormalities. All the patients we presented appeared to have signs of EHS, and early appropriate treatment allowed their full expedient recovery. Rapid diagnosis, followed by vigorous prompt treatment, may change the natural history of EHS evolvement and prevent further complications. Further research will elaborate the affect of rapid cooling on the levels of heatrelated cytokines. Therefore, we suggest that these scenarios may be representative of a condition defined as aborted heat stroke.
